Strengthening Effect Analysis of Laser Shock Processing on Aluminum Alloy Welded Joint Process  by Su, C. et al.
 Procedia Engineering  130 ( 2015 )  524 – 530 
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICPVT-14
doi: 10.1016/j.proeng.2015.12.258 
ScienceDirect
Available online at www.sciencedirect.com
WK,QWHUQDWLRQDO&RQIHUHQFHRQ3UHVVXUH9HVVHO7HFKQRORJ\
6WUHQJWKHQLQJ(IIHFW$QDO\VLVRI/DVHU6KRFN3URFHVVLQJRQ
$OXPLQXP$OOR\:HOGHG-RLQW3URFHVV
&6XDE-==KRXD-6KHQJD6+XDQJD;.0HQJD
aSchool of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, PR China 
bJiangsu Key Laboratory for Electrochemical Machining, Changzhou Institute of Technology, Changzhou 213002, PR China 
$EVWUDFW
+LJKVWUHQJWKDOXPLQXPDOOR\LVRQHRIWKHFRPPRQO\XVHGPDWHULDOVRISUHVVXUHYHVVHOV$QGLWKDVWKHVLJQLILFDQW
DGYDQWDJHV RI OLJKWZHLJKW DQG FRVWHIIHFWLYH%XW WKH VWUHQJWK RIZHOGHG DOXPLQXP DOOR\JUHDWO\ GHFUHDVHG7KH
ZHOGLQJOLQHDQGKHDWDIIHFWHG]RQHEHFDPHKLJKULVNDUHDRQSUHVVXUHYHVVHO$WSUHVHQWLWLVGLIILFXOWWRLPSURYH
WKHZHOGLQJSURFHVVWKXVLPSURYLQJWKHPLFURVWUXFWXUHDQGVWUHVVVWDWHRIZHOGHGMRLQWVEHFRPHWKHPDLQPHDQVWR
LPSURYH WKH IDWLJXH SURSHUWLHV DQG H[WHQG WKH VHUYLFH WLPH RI DOXPLQXP SUHVVXUH YHVVHOV $V D QHZ WUHDWPHQW
SURFHVVDIWHUZHOGLQJWKHSURFHVVSDUDPHWHUVRIODVHUVKRFNSURFHVVLQJ/63FDQEHSUHFLVHO\FRQWUROOHGDQGWKH
SURFHVVLVQRQFRQWDFW,WFDQEHDGDSWHGWRGHDOZLWKPDFURDQGPLFURVFDOHDOXPLQXPSUHVVXUHYHVVHOVVRLWKDV
EURDG SURVSHFWV IRU HQJLQHHULQJ DSSOLFDWLRQV%DVHGRQ WKH LQWURGXFWLRQRI SULQFLSOH DQG IHDWXUHV RI/63ZHOGHG
MRLQWSURFHVV WKHHVWLPDWLRQPRGHORIODVHULQGXFHGVXUIDFHUHVLGXDOVWUHVVLVDQDO\]HG7KHVDIHW\OLYHVRIZHOGHG
MRLQWVSHFLPHQVZLWKDQGZLWKRXW/63DUHHVWLPDWHGE\PDNLQJORZF\FOHWHQVLOHIDWLJXHWHVW7KHHIIHFWRI/63RQ
IDWLJXHSURSHUWLHVRIDOXPLQXPDOOR\ZHOGHGMRLQWLVDQDO\]HG7KHIDWLJXHIUDFWXUHPHFKDQLVPVRIWKHVHVSHFLPHQV
ZLWKDQGZLWKRXW/63DUHVWXGLHGE\VXUIDFHLQWHJULW\DQGIUDFWXUHVXUIDFHWHVWLQJ7KHUHVXOWVKRZHGWKDWWKHVDIHW\
OLYHVRI WKHVHVSHFLPHQVZLWK/63DUH LQFUHDVHGVLJQLILFDQWO\$W WKH VDPH WLPH&RPSUHVVLYH UHVLGXDO VWUHVVDQG
GHQVHVXUIDFHOD\HUDUHLQGXFHGDWWKHVXUIDFHRIZHOGHGMRLQWVE\/63$IWHUVXPPDUL]LQJWKHUHVHDUFKVWDWXVDERXW
IDWLJXHSURSHUWLHVRIDOXPLQXPDOOR\ZHOGHGMRLQWE\/63WKHSUREOHPVH[LVWLQJLQFXUUHQWUHVHDUFKRI/63ZHOGHG
MRLQW SURFHVV DUH SRLQWHG RXW )LQDOO\ H[SHFWDWLRQV RI IXWXUH VWXGLHV RQ /63 ZHOGHG MRLQW SURFHVV DUH EURXJKW
IRUZDUG
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI,&397


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:VXF#F]XFQ
© 2015 The Authors. Published by lsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICPVT-14
525 C. Su et al. /  Procedia Engineering  130 ( 2015 )  524 – 530 
Keywords:ODVHUWHFKQLTXHODVHUVKRFNSURFHVVLQJDOXPLQXPDOOR\ZHOGHGMRLQW3URFHVVLQJ7HFKQRORJ\6XUIDFHLQWHJULW\IDWLJXHIUDFWXUH
DQDO\VLV
,QWURGXFWLRQ
7KHSURPLVHRIRIIHULQJ H[FHSWLRQDOO\KLJK VWUHQJWKWRZHLJKW UDWLRV LV DQ LPSRUWDQW DWWULEXWHV WKDW KDYHPDGH
DOXPLQXPDOOR\DQDWWUDFWLYHFDQGLGDWHIRUXVHLQSUHVVXUHYHVVHOVDQGUHODWHGILHOGV+RZHYHUWKHZHOGLQJWKHUPDO
HIIHFWUHVXOWVLQWKHLQWHUJUDQXODUFUDFNVVHYHUHO\OLPLWVWKHDSSOLFDWLRQRIDOXPLQXPDOOR\,QDGGLWLRQWKHSRURVLW\
LPSXULWLHVDQGRWKHUGHIHFWVLQWKHZHOGLQJOLQHPD\WHQGVWRLQGXFHVWUHVVFRQFHQWUDWLRQDQGJHQHUDWHVFUDFNVRXUFH
ILQDOO\ JUHDWO\ GHFUHDVH WKH IDWLJXH OLIH > @ RI DOXPLQXP DOOR\ZHOGPHQWV ,W KDV EHHQ SURYHG WKDW WKH IDLOXUH
JHQHUDOO\RFFXUV LQ WKHZHOGLQJOLQHDQGKHDWDIIHFWHG]RQH>@ WKXVLW¶VFUXFLDO WRVWUHQJWKHQWKHZHOGHGMRLQWV
DQGREWDLQWKHEHQHILFLDOPLFURVWUXFWXUHDQGUHGLVWULEXWHGVWUHVV
,Q WKHUHFHQW\HDUV WKHVXEVHTXHQW WUHDWPHQWVRQZHOGHGMRLQWVKDYHEHHQH[WHQVLYHO\VWXGLHGDQGGUDZQPXFK
DWWHQWLRQ6XEVHTXHQWWUHDWPHQWPHWKRGVFRPPRQO\XVHGLQFOXGHVXUIDFHGHIRUPDWLRQVWUHQJWKHQLQJKHDWWUHDWPHQW
VXUIDFHFRDWLQJHWF7KHVXUIDFHGHIRUPDWLRQVWUHQJWKHQLQJPHWKRGVFRPPRQO\XVHGDUHUROOLQJVKRWSHHQLQJHWF
:LWKWKHUDSLGGHYHORSPHQWRIODVHUWHFKQRORJ\/63KDVDURXVHGZLGHVSUHDGFRQFHUQZLWKWKHIHDWXUHVRIKLJK
VWUDLQ UDWH DQG FRQWUROODEOHSURFHVVSDUDPHWHUV > @ )URP WR WKH86/DZUHQFH/LYHUPRUH1DWLRQDO
/DERUDWRU\YHULILHGWKDW/63FDQJUHDWO\UHGXFHWKHZHOGVWUHVVFRUURVLRQDQGIDWLJXHFUDFNJURZWKUDWH>@/DWHU
/63 KDV EHHQ DSSOLHG WR WKH ZHOG UHLQIRUFHPHQW RI QXFOHDU ZDVWH FRQWDLQHUV >@ 2PDU HW DO >@ IRXQG /63
JHQHUDWHV D FRPSUHVVLYH UHVLGXDO VWUHVV DW WKH VXUIDFH WKDW FDQEH VLJQLILFDQWO\ GHHSHU WKDQ IRU FRQYHQWLRQDO VKRW
SHHQLQJ ,Q WKH GRPHVWLF DVSHFWV =KDQJ HW DO >@ FRQGXFWHG ERWK VLQJOHVLGH DQG GRXEOHVLGHG /63 RQ$,6,
ZHOGLQJOLQH7KHUHVXOWVKRZHGWKDWWKHWZRVLGH/63SUHVHQWHGEHWWHUVWUHQJWKHQLQJFRPSDUHGWRRQHVLGH/63;X
HWDO>@IRXQGWKDWIRUWKH0,*ZHOGLQJMRLQWVRI$7DOXPLQXP/63UHVXOWHGLQ9LFNHUVKDUGQHVVLPSURYHG
VLJQLILFDQWO\DQGWKHIDWLJXHOLIHLQFUHDVHGPRUHWKDQRQHWLPH2XUJURXSIRFXVHGRQWKHVWXG\RIUHLQIRUFLQJHIIHFW
RI /63 RQ 7 DOXPLQXP7,*ZHOGLQJ MRLQWV SDUWLFXODUO\ FRQFHUQLQJ WKHPLFUR VWUXFWXUH HYROXWLRQ SURFHVV
GXULQJ/63
,QWKLVSDSHUWKHUHVHDUFKVWDWXVDERXWZHOGHGMRLQWVWUHQJWKHQLQJE\/36LVVXPPDUL]HG)LUVWO\WKHWHFKQLTXHV
FRPPRQO\ XVHG DW SUHVHQW XQGHU ODERUDWRU\ FRQGLWLRQV DUH LQWURGXFHG IROORZHG E\ DQ DQDO\VLV RI VWUHQJWKHQLQJ
SULQFLSOH 7KHQ WKH VWUHQJWKHQLQJ HIIHFW DQG LWV UHODWHG SURSHUWLHV RI /63ZHOGHG MRLQW SURFHVV DUH GLVFXVVHG ,Q
DGGLWLRQ WKHSUREOHPVH[LVW LQFXUUHQW UHVHDUFKRIDUHSRLQWHGRXW)LQDOO\H[SHFWDWLRQVRI IXWXUH VWXGLHVRQ/63
ZHOGHGMRLQWSURFHVVDUHEURXJKWIRUZDUG

1RPHQFODWXUH
݌ഥ  DYHUDJHSUHVVXUH
ߪௗ௬௦ G\QDPLF\LHOGVWUHQJWKRIWKHPDWHULDO
ߥ 3RLVVRQ¶VUDWLR
ܥ௘௟ HODVWLFZDYHYHORFLW\
ܥ௣௟ SODVWLFZDYHYHORFLW\
߬ SXOVHZLGWK
ߩ GHQVLW\RIPDWHULDO
ߪ଴ LQLWLDOVXUIDFHUHVLGXDOVWUHVV
HEL KXJRQLRWHODVWLFOLPLW
LSP ODVHUVKRFNSURFHVVLQJ

526   C. Su et al. /  Procedia Engineering  130 ( 2015 )  524 – 530 
3ULQFLSOHRI/63ZHOGHGMRLQW
2.1. Principle of LSP and its effect on welded joint 
/DVHUVKRFNSURFHVVLQJDOVRNQRZQDVODVHUSHHQLQJFDQSURGXFHDFRPSUHVVLYHUHVLGXDOVWUHVVOD\HUPRUHWKDQ
PP GHHS LQ FRPPHUFLDOO\ DYDLODEOH DOXPLQXP DOOR\V DQG KDV EHHQ VKRZQ WR VLJQLILFDQWO\ LPSURYH IDWLJXH
SHUIRUPDQFHV0RUHRYHUODVHUSHHQLQJKDVEHHQVKRZQWRKDUGHQWKHVXUIDFHDQGLPSURYHWKHPHFKDQLFDOSURSHUWLHV
RI VRPH VWUXFWXUDO PHWDO FRPSRQHQWV VXFK DV FRPPHUFLDOO\ DYDLODEOH FDUERQ VWHHOV VWDLQOHVV VWHHOV FDVW LURQV
DOXPLQXP DOOR\V WLWDQLXP DOOR\V DQG QLFNHOEDVHG VXSHUDOOR\V >@ 7KH /63 WHFKQRORJ\ PD\ LQGXFHV
PLFURVWUXFWXUH HYROXWLRQ LQ WKH VXSHUILFLDO VXUIDFH RI WKH WUHDWHG PDWHULDO DQG JHQHUDWHV EHQHILFLDO UHVLGXDO
FRPSUHVVLYHVWUHVVZKLFKH[WHQGVWKHSRWHQWLDOIDWLJXHOLIHDQGSURYLGHVDQHIIHFWLYHSURFHVVWRLPSURYHWKHVWUHQJWK
ZHDU UHVLVWDQFH FRUURVLRQ UHVLVWDQFH DQG GHOD\LQJ WKH FUDFN SURSDJDWLRQ UDWH RI PDWHULDO > @ /63LQGXFHG
VXUIDFH UHVLGXDO VWUHVV FDQVLJQLILFDQWO\ LQKLELWV WKH LQLWLDWLRQDQGSURSDJDWLRQRI WKH IDWLJXHFUDFN LQ WKHZHOGLQJ
KHDWDIIHFWHG ]RQH HVSHFLDOO\ LQ WKH ILHOGVRISRUHV LPSXULWLHV DQG VWUHVV FRQFHQWUDWLRQ >@/63JHQHUDWHVKLJK
HQHUJ\ ODVHU SXOVHV DW WKH VXUIDFH RI D PHWDO FRDWHG ZLWK DQ DEODWLYH OD\HU DQG FRYHUHG ZLWK D WKLQ OD\HU RI
WUDQVSDUHQWPDWHULDOXVXDOO\ZDWHU7KHLQWHUDFWLRQRIWKHODVHUDQGWKHDEODWLYHOD\HUFUHDWHVDSUHVVXUHVKRFNZDYH
ZKLFKSURSDJDWHVWKURXJKWKHPDWHULDO>@/63FDQVLJQLILFDQWO\LPSURYHWKHF\FOHVWDELOLW\DQGWKHUPDOVWDELOLW\RI
WKHPDWHULDOPLFURVWUXFWXUHDQGLWDOVRFDQUHGXFHWKHUHOD[DWLRQEHKDYLRURIWKHUHVLGXDOFRPSUHVVLYHVWUHVVDWKLJK
WHPSHUDWXUHDQGF\FOLFORDGLQJFRQGLWLRQV>@
2.2. The estimation model of LSP-induced surface residual stress 
%DOODUG>@KDVSUHVHQWHGDQHVWLPDWLRQPRGHORI/63LQGXFHGVXUIDFHUHVLGXDOVWUHVVLQWKHVHPLLQILQLWHHODVWLF
DQGSODVWLFREMHFWV,QRUGHUWRVLPSOLI\WKHFDOFXODWLRQZHPDNHWKHIROORZLQJDVVXPSWLRQV
7KHWRWDOVWUDLQLQWKHLQGXFHGZHDYHUHPDLQVXQLD[LDO7KHDSSOLHGSUHVVXUHLVXQLIRUPRQWKHLPSDFWHGVXUIDFH
7KH WDUJHW LV PDGH ZLWK D SHUIHFW HODVWLFSODVWLF PDWHULDO 7KH HIIHFWV RI ZRUN KDUGHQLQJ DQG YLVFRXV DUH QRW
FRQVLGHUHG/DVHUVKRFNZDYHSUHVVXUHDFWVRQ WKHFHQWHURI WKHPRGHOVXUIDFH VR LWFDQEHVLPSOLILHGDVDSODQH
D[LV\PPHWULFPRGHO$FFRUGLQJ WR WKH+RRNH WKHRUHP WKH VXUIDFHSODVWLF VWUDLQ LQ VKRFNSURFHVVLQJDUHDFDQEH
H[SUHVVHGDVIROORZV>@
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ZKHUH V LVWKHLQLWLDOVXUIDFHUHVLGXDOVWUHVV
/63DOXPLQXPDOOR\ZHOGHGMRLQWSURFHVV
3.1. Underwater laser shock processing 
,QWKHFXUUHQWVWXG\WKHPRUHHFRQRPLFSURFHVVLVWKHXQGHUZDWHUODVHUVKRFNSURFHVVLQJ7KHWHVWV\VWHP;XDW
6KHQ\DQJ8QLYHUVLW\RI7HFKQRORJ\XVHGLVVKRZQLQ)LJ7KHV\VWHPFRQVLVWVRIODVHURVFLOODWRUZDWHUFRROLQJ
PDFKLQHRSWLFDOWUDQVPLVVLRQDQGIRFXVLQJV\VWHPZDWHUWDQNIL[WXUHDQGWZRGLPHQVLRQDOPRWLRQGHYLFHHWF>@
7KHDOXPLQXPDOOR\ZHOGHGMRLQWLVFODPSHGRQWKHZRUNWDEOHRIWKHWZRGLPHQVLRQDO&1&V\VWHPDUUDQJHGLQWKH
ZDWHUWDQN'XULQJWKHZKROHSURFHVVWKHWUHDWHGVXUIDFHLVSHUSHQGLFXODUWRWKHOHYHORIODVHUSDWK7KHEODFNSDLQW
ZDVFRDWHGRQWKHWUHDWHGDUHDRIWKHZHOGHGMRLQWDVDQDEVRUELQJOD\HU
8QGHUZDWHUODVHUVKRFNSURFHVVLQJXVHVWKHWZRGLPHQVLRQDO&1&V\VWHPDQGDQDGYDQWDJHRIXQGHUZDWHU/63
LVWKDWWKHFRVWRIWKHHTXLSPHQWLVUHODWLYHO\ORZ+RZHYHUWKHGHSWKRIDIIHFWHGOD\HULQGXFHGE\XQGHUZDWHU/63
LVVPDOO7KLVPD\GXHWRWKHVLJQLILFDQWODVHUSXOVHHQHUJ\ORVLQJXQGHUZDWHUZHDNHQWKHVWUHQJWKHQLQJHIIHFW,Q
DGGLWLRQDQRWKHUGLVDGYDQWDJHIRUXQGHUZDWHU/63LVWKDWLWFDQRQO\WUHDWWKHSODWHZHOGHGMRLQW


)LJ6FKHPDWLFGLDJUDPRIXQGHUZDWHU/63V\VWHP
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3.2. Flow constraint laser shock processing 
7RGHYHORS DEHWWHU/63 VWUHQJWKHQLQJSURFHVV WKH IORZFRQVWUDLQW/63ZDVPHQWLRQHG ,W FDQ LQGXFHJUHDWO\
LPSURYHGDIIHFWHGOD\HUZKLOHFRPSDUHGWRXQGHUZDWHU/637KHWHVWV\VWHPXVHGE\RXUJURXSLVVKRZQLQ)LJ
7KHV\VWHPFRQVLVWVRIODVHURVFLOODWRUIRFXVLQJV\VWHPZDWHUFLUFXODWLRQGHYLFHIL[WXUHDQGILYHD[LVOLQNDJH1&
SODWIRUP$OXPLQXP DOOR\ZHOGHG MRLQWZDV UHPRYHG H[FHVVZHOGPHWDO DQG WKHQZDV ILWWHGZLWK WKH DEVRUSWLRQ
OD\HU RI DOXPLQXP IRLO WLJKWO\ 7KHZHOGHG MRLQW LV FODPSHG RQ WKHZRUNWDEOH RI ILYHD[LV OLQNDJH1& SODWIRUP
:KHQ H[HFXWLQJ GLIIHUHQW 1& SURJUDPV LW FDQ VWUHQJWKHQ YDULRXV RI VSHFLDO VKDSH RI ZHOGHG MRLQWV :DWHU
FLUFXODWLRQGHYLFHHQVXUHVWKDWZDWHUIORZVWKURXJKWKHVXUIDFHRIZHOGHGMRLQWFRQWLQXRXVO\$WWKHVDPHWLPHWKH
ZDWHUFLUFXODWLRQGHYLFHSOD\VDQLPSRUWDQWUROHLQWKHFRQVWUDLQHGOD\HUDQGFRROLQJ
8QGHUZDWHU/63DQG IORZFRQVWUDLQW/63KDYH WKHLURZQDGYDQWDJHVGLVDGYDQWDJHVDQGDSSOLFDEOHRFFDVLRQV
7KHVWXGLHVDUHVWLOOLQWKHLQIDQF\7XUQLQJWKHWHFKQRORJLHVLQWRDFWXDOSURGXFWLRQZLOOWDNHDORQJWLPHWRH[SORUH


)LJ6FKHPDWLFGLDJUDPRIIORZFRQVWUDLQWV/63V\VWHP
7KHVWUHQJWKHQLQJHIIHFWRIWKHSURFHVV
7KHFXUUHQW VWXG\VKRZV WKDW WKHRUJDQL]DWLRQDQG VWUHVVRI DOXPLQXPDOOR\ZHOGHG MRLQWV DUH VWUHQJWKHQHGE\
KLJKDPSOLWXGHRIODVHUVKRFNZDYH,WFDQEHFKDUDFWHUL]HGZLWKVXUIDFHLQWHJULW\DQGIDWLJXHIUDFWXUHPLFURVWUXFWXUH
4.1. Surface integrity 
7KHVXUIDFHLQWHJULW\LQFOXGHVVXUIDFHWH[WXUHDQGVXUIDFHOD\HURIPHWDOOXUJLFDOTXDOLW\6XUIDFHWH[WXUHPDLQO\
UHIHUV WR WKHFKDQJHRI URXJKQHVV6XUIDFHPHWDOOXUJ\TXDOLW\ LQFOXGHV WKHFKDQJHVRIPLFURVWUXFWXUHDQGUHVLGXDO
VWUHVV
;X>@ XWLOL]HGPLFURVFRSH TXDQWLWDWLYHO\ DQDO\]HG WKH FKDQJH RI URXJKQHVV RQ WKH VXUIDFH RI DOXPLQXP DOOR\
ZHOGLQJ MRLQWZLWKDQGZLWKRXW/637KHVXUIDFH URXJKQHVVRIZHOGLQJ MRLQWZLWKRXW/63 LVDERXWPPDQG WKLV
YDOXHLQFUHDVHGWRDURXQGPPDIWHU/63,WLVZLGHO\DFNQRZOHGJHGWKDWWKHVXUIDFHURXJKQHVVRIWKHDOXPLQXP
DOOR\ZHOGHG MRLQWZLWK/63EHFDPHODUJHU7KLV LVEHFDXVH WKHDUHDQHDU WKHZHOG WRHRIDOXPLQXPDOOR\ZHOGHG
MRLQWVVXIIHUHGDODUJHSODVWLFGHIRUPDWLRQXQGHUWKHHIIHFWRIWKHSODVPDH[SORGH$QW\SLFDO6(0LVVKRZQLQ)LJ
>@
7KHUHVLGXDOVWUHVVLVRQHRIWKHLPSRUWDQWSURSHUWLHVRIWKHVKDSLQJVXUIDFH$QGLWLVXVXDOO\PHDVXUHGE\;UD\
GLIIUDFWLRQ)LJVKRZVWKHVXUIDFHUHVLGXDOVWUHVVGLVWULEXWLRQRIZHOGHGMRLQWVZLWKDQGZLWKRXWGRXEOHVLGHG/63
,WZDVPHDVXUHGE\RXU JURXSZLWK UROO IL[LQJ\PHWKRG$QG WKH WKLFNQHVVRI7 DOXPLQXPDOOR\ZHOGHG
MRLQWVZDVPP7KHUHZDVDPD[LPXPRIDERXW03DUHVLGXDOFRPSUHVVLYHVWUHVVLQWKH/63DUHD7KHVXUIDFH
UHVLGXDOWHQVLOHVWUHVVRIWKHFRPSDULVRQZDYHVLQWKHYLFLQLW\RI03D

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
)LJ6(0SKRWRRIVXUIDFHPRUSKRORJLHVDIWHU/63D:HOGHGMRLQWEPLFURJUDSK\F6(0SKRWR

)LJ5HVLGXDOVWUHVVHVGLVWULEXWLRQRIWHVWVSHFLPHQVEHIRUHDQGDIWHU/63
7KHGHWHFWLRQ UHVXOWV VKRZ WKDW/63FDQHOLPLQDWH WKH VXUIDFH UHVLGXDOVWUHVVDQGSURGXFHVDFHUWDLQGHJUHHRI
UHVLGXDOVWUHVV7KLVLVEHQHILFLDOIRULPSURYLQJWKHIDWLJXHOLIHRIWKHZHOGHGMRLQWV0RUHRYHUUHVLGXDOFRPSUHVVLYH
VWUHVV RQ WKH VXUIDFHV RIZHOGHG MRLQW E\ GRXEOHVLGHG/63ZDV IRXQG DQG VWUHQJWKHQHG WKHPDWHULDO 7KHUHIRUH
WKHUHPXVWEHWHQVLOHVWUHVVLQVLGHWKHMRLQWLQRUGHUWRDFKLHYHWKHRYHUDOOIRUFHEDODQFH>@$VDUHVXOWWKHIDWLJXH
FUDFN LQLWLDWLRQ ]RQH FDQ EH WUDQVIHUUHG IURP WKH VXUIDFH WR WKH LQWHUQDO MRLQW 7KHQ WKH VXUIDFH SURSHUWLHV DUH
LPSURYHGDQGWKHIDWLJXHOLIHRIDOXPLQXPDOOR\ZHOGLQJMRLQWLVSURORQJHG
4.2. Fatigue fracture microstructure 
)LJXUHLV6(0SKRWRVRIIDWLJXHIUDFWXUHVZLWKDQGZLWKRXWGRXEOHVLGHG/63$WHQVLOHIDWLJXHWHVWVWUHVVUDWLR
RIDQGDORDGLQJIUHTXHQF\RI+]ZHUHXVHG)LJDVKRZVWKDWPRUHIDWLJXHFUDFNVRXUFHVJHQHUDWHGIURP
WKH VXUIDFHRI WKHXQWUHDWHGZHOGHG MRLQWZKLOH WKHUH LVQR IDWLJXHFUDFNVRXUFHRQ WKHZHOGHG MRLQWZLWK/63DV
VKRZQLQ)LJE$QGOHVVIDWLJXHFUDFNVJHQHUDWHGIURPWKHVXEVXUIDFH7KLVLVEHFDXVHWKHZHOGHGMRLQWVXUIDFH
SURGXFHG GHQVLW\ VWUHQJWKHQLQJ OD\HU WUHDWHG E\ /63 $QG WKH IDWLJXH FUDFN VRXUFHV QR ORQJHU DSSHDU IURP WKH
VXUIDFH DQG WKH\ DSSHDU LQ WKH VXEVXUIDFHZLWKZHOGLQJGHIHFWV7KHQ WKH IDWLJXH OLIH RI WKHZHOGHG MRLQW FDQEH
LPSURYHG
)LJ)DWLJXHIUDFWXUHRIWHVWVSHFLPHQVEHIRUHDQGDIWHU/63D8QWUHDWHGE/63
ED
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6XPPDU\
/63DOXPLQXPDOOR\ZHOGHGMRLQWSURFHVVFDQFRQWUROWKHVXUIDFHLQWHJULW\DQGVXUIDFHPRGLILFDWLRQOD\HU$QGLW
FDQDOVRUHGXFHWKHUDWLRVRIHDUO\IDWLJXHIDLOXUHIRUKLJKVWUHQJWKDOXPLQXPDOOR\ZHOGHGMRLQWVDQGUHDOL]HIDWLJXH
UHVLVWDQFHPDQXIDFWXULQJRINH\FRPSRQHQWVRIDOXPLQXPSUHVVXUHYHVVHO7KHUHIRUH/63SURFHVVZLOOKDVEURDG
PDUNHWSURVSHFWV$WSUHVHQWWKHDSSOLFDEOHWKHRU\DQGPRGHORIWKHSURFHVVLVODJVEHKLQG$QGWKHQHZWKHRUHWLFDO
PRGHOQHHGV WREHJUDGXDOO\HVWDEOLVKHGDQG LPSURYHG ,Q WKHIXWXUH LW LVQHFHVVDU\ WRDLPDW WKHNH\SDUDPHWHUV
FRQWUROOHGE\WKHSURFHVVWRVWXG\WKHHQKDQFHGSHUIRUPDQFHV\VWHPDWLFDOO\WRRSWLPL]HWKHSURFHVVDQGWRVWXG\WKH
QHZHIILFLHQWFRQWUROPHWKRG$QGWKHTXDOLW\HYDOXDWLRQVWDQGDUGRISURFHVVVWUHQJWKHQHGQHHGVWREHEXLOWXS,WLV
XVHGWRSURYLGHWKHEDVLVIRUUHDOL]LQJWKHRSWLPDOFRQWURORI/63DOXPLQXPDOOR\ZHOGHGMRLQWSURFHVV
$FNQRZOHGJHPHQWV
7KHUHVHDUFKZRUNZDVVXSSRUWHGZLWKE\WKH1DWXUDO6FLHQFH)RXQGDWLRQRI-LDQJVX3URYLQFH1R%.
WKH 5HVHDUFK )XQG IRU  -LDQJVX 3URYLQFH2UGLQDU\ 8QLYHUVLW\*UDGXDWH 5HVHDUFK ,QQRYDWLRQ 3URMHFWV 1R
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3URYLQFH1R*=
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